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Design and test of time-interpolation TDC based on 0.13 um CMOS process
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Abstract [Background] Time-of-flight measurement is a basic method to identify charged particles in high-energy
physics experiments. [Purpose] This paper aims to realize time measurement resolution of flight time detectors in
high-energy physics experiments within 50 ps. [Methods] Based on the 0.13 um complementary metal oxide
semiconductor (CMOS) process, we designed a single-cycle time to digital convertor (TDC) as a fine counting
module in time interpolation and built a closed-loop test system. [Results] Through analysis of measured data, we
designed the comparison test under the same conditions, and found the source of TDC scale heterogeneity, and
proposed the corresponding calibration method. [Conclusion] The resolution of TDC after calibration is up to 57 ps
and the accuracy is better than 40 ps.

Key words Application-specific integrated circuit, TDC, Closed-loop test system, Comparison test

F ARl A4 (No.61401422) %1 1Y)

BAEF: B, 5, 1994 WA, 2015 T KEE TRERY:, DUAMERTAA, W07 R R AE S RN 5 1 T2 Bk
JEEMEE: BAEM, E-mail: filiang@uste.edu.cn

Weks HIW: 2017-06-16, A& HH: 2017-10-20

Supported by National Natural Science Foundation of China (No.61401422)

First author: GE Da, male, born in 1994, graduated from Rocket Force University of Engineer in 2015, master student, focusing on nuclear radiation
detection and nuclear electronics

Corresponding author: LIANG Futian, E-mail: ftliang@ustc.edu.cn

Received date: 2017-06-16, revised date: 2017-10-20

040401-1



o R

2018, 41: 040401

FEFBEVI LSRG, QAT I [ R 2 )
R ) RAT I TR) R SEIURL T 2850 o A T SEBLELEF 1Y)
KLF 73 HRRE ST, SIS IA) ) 73 e ) EORIE ) ps
=R UAAN, T B RE BE I R4 i 8 (Time to
Digital Convertor, TDC).

ASIC (Application Specific Integrated Circuit)$
A FH 2 1 B 2 A PR, P DURRSE T
TEWIME SR, — SR HIERTD), G55
HIFARIE IR [ 8 A3, AN 32 P56 AR A 2R
SEWE, P DAAE KB R 22 A 5T AR g2 56 vh R H
2,

AET 013 pm B AN G JE A K
(Complementary Metal Oxide Semiconductor, CMOS)
T Z#T TDC Hy¥eit, WRIEmme sy ps
RULN N B 7 AR R, TR ZIES] 50 ps
CAAKE FEF) H R o

1 HEREENERRE

100 2 e 87 50 5 A7 O 7 v 2 T H R 6 R 4
ISP AT T4, X7 SUIRS B S2 BT R Gu i B JE
. EEON ns B, T SEEI L E A TE N 1
NG, WEXEEEATIRE. w1 AR, BA
IFTAD & R G 4R T4 TDC Fl—AMHTH s
2 1%, START F1 STOP & P BB AL 4 N5 5, CLK
FE R GBI E 5 o I () B [E] t 52 START A1 STOP
G5 B TRl [l R, — N4 4 TDC e 5%
N5 START L 5BEE R CLK EA# A Z
[) P B 1) (R BEE ty, 23— NS TDC ek 5
STOP EFHIS 5B 5 i) CLK _EFHIS B 22 [R] fA) B [a] 8]
b t, FHiTH8sic 5% START FFHSF1 STOP IR
2 TE) I B R B AN 25 4 A0 T H 2 TDC [ EFE BE TRk
KT CLK B9—N 8 & 4, o] DLSE U T 405
Ui, M 1 AT, BTRRE R START
555 STOP 15 5 Z [A] (I [ [B] B t

t=T+t -1, (1)
A T B
mﬂﬁjﬁ*}L

START

~

STOP

Bl 1] A R
Fig.1 Diagram of time interval measurement
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Fig.2 Diagram of TDC structure
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Fig.6 Differential nonlinear results of comparative test
(a) Chip A, (b) Chip B, (c) Chip C, (d) Chip A, B and C under the same condition
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Fig.7 Calibration curve of delay chain.
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